Background Despite a large number of publications regarding the association between socioeconomic status (SES) and gestational weight gain (GWG), the literature is inconsistent. We conducted a systematic review of current evidence relating to the association between SES and GWG, according to the Institute of Medicine (IOM) 2009 guidelines.
Introduction
Multiple determinants of maternal and offspring health have been cited in the literature, including maternal pre-pregnancy body mass index (BMI) and excess gestational weight gain (GWG). 1 In 2009, the Institute of Medicine (IOM) published updated recommendations for GWG based on prepregnancy BMI. 2 Women with a BMI of 18.5-24.9 kg/m 2 are advised to gain 11. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] .0 kg over the course of their pregnancy. Underweight women are advised to gain more (12.5-18 .0 kg), while overweight and obese women are advised to gain less (7.0-11.5 kg and 5.0-9.0 kg, respectively). 2 Excess GWG (EGWG) has been shown to increase the risk of pre-eclampsia, eclampsia, caesarean section, delivering a large for gestational age infant, poorer neonatal outcomes, 3 maternal weight retention and increased BMI. 4 In addition, inadequate GWG is associated with increased risk of having a small for gestational age infant. 3 The physical and social environments also have key roles to play in determining maternal health, in particular maternal socioeconomic status (SES). Pregnancy outcomes are negatively influenced by socioeconomic and deprivation factors. 5, 6 Furthermore, pregnant women of lower SES are more likely to have a higher pre-pregnancy BMI, 7 and participate in poor health related behaviours including smoking and consumption of a poor quality diet. 8 There is conflicting evidence in the literature regarding the effect of maternal education level, SES and neighbourhood index on adherence to GWG guidelines.
It would seem prudent that interventions and antenatal education sessions which aim to improve GWG adherence would be targeted at those who have greatest need; however, if targeted interventions are to be effective, increased knowledge of the relationship between SES and GWG is required. 2 Since publication of the guidelines there have been a number of studies published in this area; however a synthesis of the literature has not been conducted to date. Therefore, the objective of this systematic review is to summarize current evidence relating to the association between SES and GWG according to the 2009 IOM guidelines.
Materials and methods

Protocol and registration
The checklist outlined in the PRISMA (Preferred Reporting Items for Systematic reviews and Meta-Analyses) Statement for reporting of systematic reviews was followed.
9 Search strategy, methods and inclusion criteria were specified in advance and documented in a protocol. The review protocol was registered with PROSPERO and is accessible online (http://www.crd.york.ac.uk/PROSPERO/display_record.asp? ID=CRD42016035468).
Eligibility criteria
Types of studies Observational, cross-sectional, longitudinal, case-control, ecological, descriptive and cohort studies were included in this systematic review. Intervention studies, book chapters, abstracts and posters of conference proceedings were excluded. The review was restricted to studies published in the English language, and published between 2009 and 2016 in order to capture studies that utilized the 2009 IOM guidelines for GWG. 2 Types of participants Pregnant women, >18 years' of age with a singleton pregnancy were included. Studies from all countries and ethnic populations were included.
Types of exposure
To meet inclusion criteria, studies must have examined the association between GWG and SES (social class, deprivation, poverty, poverty area, educational attainment, neighbourhood, socioeconomic disadvantage, occupation or income).
Types of outcome measures
The primary outcome of this review is GWG categorized as inadequate, adequate or excessive as per the 2009 IOM guidelines. 2 
Information sources
Searches were applied to the following electronic databases; MEDLINE (Pubmed), Embase, Cochrane Library, Ovid, CINAHL and Web of Science. Reference lists of included articles were screened. The last search was run on first July 2016.
Search
Search terms are displayed in Fig. 1 . The full electronic search strategy for the MEDLINE database is included in Appendix 1.
Study selection
Identified articles were added to the reference management software (Mendeley Ltd.), which recorded citations and identified duplicates. A spreadsheet was created to record decisions and comments. Two researchers (E.O.B. and G.A.) reviewed articles in an unblinded, standardized manner (independently and in parallel), and disagreements between reviewers were resolved by consensus and consultation with FMcA. Eligibility assessment was performed in two phases. During phase 1, titles and abstracts of articles identified from the electronic databases were reviewed according to the inclusion and exclusion criteria described above. Phase two involved a review of the full texts of articles selected in phase one according to the inclusion and exclusion criteria described. A flow chart illustrating the number of studies identified at each phase was created according to the PRISMA statement 9 (Fig. 1) .
Data collection process
A data extraction template was developed by two review authors (E.O.B. and G.A.) prior to data extraction. One review author (E.O.B.) independently extracted the data from included studies and the second author (G.A.) checked the extracted data. We contacted two authors for further information, but excluded these studies due to lack of response.
Data items
Data were sought for the following variables: (i) study characteristics (study design, study period, study setting, sample size, primary outcome); (ii) maternal demographics (eligibility criteria, age, ethnicity); (iii) GWG outcome measures (GWG measurements, unit of GWG measurements); (iv) SES variables measured; and (v) results (statistical measure, association between GWG and SES).
Risk of bias in individual studies
All studies were assessed for risk of bias using an assessment tool and scoring algorithm created by the US Agency for Health Care Research and Quality in 2008. 10 This assessment tool precedes the 2012 RTI Item Bank (RTI-IB) on Risk of Bias and Precision of Observational Studies. The earlier 2008 RTI-IB version was chosen for this review as it was specifically developed for a systematic review of observational studies examining GWG. The 2008 RTI-IB consists of an assessment form of nine domains and a scoring algorithm that ranks studies as good, fair or poor (Appendix 2). One review author (E.O.B.) independently assessed included articles and the second author (G.A.) reviewed the assessment scores.
Summary measures
The risk of excessive or inadequate GWG was the primary measure used to determine the association between SES and GWG. Chi-square, odds ratio and relative risk were predominantly used to determine the association. 
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Results
Literature search
The search of MEDLINE, Embase, Cochrane Library, Ovid, CINAHL and Web of Science databases provided a total of 769 citations. Details of the study selection process are displayed in Fig. 1 . In total, 16 studies were identified for inclusion in the review.
Study characteristics
The included studies reported on 680 613 pregnant women. The study characteristics, maternal demographics, outcome measures and results of the eligible studies are summarized in Table 1 . Seven studies were American (including one from Puerto Rico), 11-17 five European, [18] [19] [20] [21] [22] two Asian, 23, 24 one Australian 25 and one was a multicentre trial between Ireland, Australia and New Zealand. 26 All but two studies investigated GWG according to maternal education; one study used social class, 18 while the other utilized socioeconomic index. 26 Of the identified studies, five were cross-sectional studies, 15, [20] [21] [22] [23] three were longitudinal cohort studies, 13, 24 six were prospective cohort studies 14, [17] [18] [19] 25, 26 and two were retrospective cohort studies.
12,16
Risk of bias score
Six studies achieved a 'good' risk of bias score using the 2008 RTI-IB assessment tool, 10 while 10 achieved a 'fair' score (Table 1) . No studies were ranked as 'poor'. Data on GWG was self-reported in six studies, 11, 15, 19, 20, 22, 25 and measured in four studies. 13, 17, 23, 26 A combination of measured and self-reported GWG outcomes were identified in five studies. 12, 14, 16, 18, 21 The method of obtaining GWG outcomes was not stated in one study. 24 
Summary of the findings
Education
The current review identified 14 studies that evaluated the association between maternal education level and GWG, of which eight studies observed a significant association.
Excess GWG Al Mamun et al., 25 found that Australian women who did not complete secondary school were more likely to gain excess weight (P < 0.01). Similarly, Kraschnewski et al.,
11
showed that among American women, those with high school degree or less were more likely to exceed recommendations (OR: 1.46, 95% CI: 1.05-2.03). McClure et al. 12 also demonstrated that American women who gained EGWG were less likely to have a college education than were women who gained as recommended (P = 0.04). In addition, American women with type two diabetes with education ≤12th grade were more likely to gain EGWG compared to those with some college education (41.7 versus 37.3%, P < 0.05). 16 A Swedish study 20 found that women with the lowest levels of education were at an increased risk of EGWG only if they were of healthy pre-pregnancy weight (elementary versus tertiary: OR: 1.70, 95% CI: 1.21-2.37), with no effect of education observed among overweight and obese women. Similarly, another Swedish study carried out by Bjermo et al., found that low level of education was associated with increased risk of EGWG among normal weight women (RR: 1.08, 95% CI: 1.07-1.09). In contrast, among overweight and obese women, low education was associated with slightly lower risk of EGWG (RR: 0.98, 95% CI: 0.97-0.99 and RR: 0.98, 95% CI: 0.96-0.99, respectively). 21 Conversely, a study by Min et al. carried out in China found that high school education or greater was associated with an increased risk of EGWG (OR: 1.3, 95% CI: 1.2-1.3). However, they also found that these women were at a reduced risk of inadequate GWG (OR: 0.7, 95% CI: 0.6-0.7). 24 Inadequate GWG Sridhar et al. 14 found that low education level (≤12 years) was associated with increased risk of inadequate GWG among American women (P < 0.01).
No association
Six studies did not observe an association between GWG and education, details are available in Table 1 . 13, 15, 17, 19, 22, 23 Income Four studies were identified in this review that examined the association between income and GWG adherence. 13, 19, 22, 23 Income was defined as household income per month, 19, 23 family income per year 13 or family income above or below median household income. 22 No association between income and GWG adherence was found in any of the studies.
Employment
We identified two studies that analysed the relationship between employment and GWG adherence. 17, 24 Among Chinese women, 24 employment in a routine job (compared to unemployment, housework or temporary work) was associated with reduced risk of insufficient GWG (OR: 0.6, 95% CI: 0.6-0.7), and increased risk of EGWG (OR: 1.4, 95% CI: 1.3-1.4). Conversely, American women who were engaged in any employment were not at an increased risk of 
Social class
One study examined social class (Registrar-General's Social Class based on Occupation classification) that was determined using the highest parental occupation. 18 No significant association between GWG adherence and manual work social class was observed.
Poverty Kraschnewski et al.
11 categorized individuals according to poverty status, measured using the US Census Bureau classification system which is based on household income and family composition. No difference in risk of EGWG was found between those who were classified as living in 'poverty' or 'near poverty' compared to those classified as 'not poverty'.
Socioeconomic index
Restall et al. conducted a prospective, multicentre cohort study in Australia, New Zealand and Ireland, and utilized socioeconomic index, based on occupation, as a measure of SES. No association was found between socioeconomic index and GWG adherence. 26 
Food security
Herring et al. examined the impact of food security on GWG. Food security was assessed using the short form of the U.S. Household Food Security Survey Model. No difference in risk of EGWG was found between women classified as food insecure and food secure. 17 
Health insurance
McClure et al. 12 compared women with and without private health insurance, and found no significant association between GWG adherence and type of health insurance.
Discussion
Main finding of this study
The main finding is that low maternal educational attainment is likely to be associated with women gaining outside the 2009 IOM recommendations for GWG, however, the evidence presented is mixed. Eight studies reported a significant association between education and GWG, while six studies did not find an association. Many studies identified in this review relied on self-reported maternal weight, thus the four studies rated as 'good' using the risk of bias score are more reliable due to measured maternal weight. 12, 14, 17, 21 Of these four studies, two showed that women with less than college education were more likely to gain weight outside the 2009 IOM guidelines. 12, 14 McClure et al. 12 demonstrated that these women gained excessively, while Sridhar et al.
14 found that these women gained inadequately. Bjermo et al. 21 provided further insight into the complex relationship between SES and GWG. Low level of education among normal weight women was associated with increased risk of EGWG, but among overweight and obese women, low education was associated with slightly lower risk of EGWG. 21 This study excluded women who gained inadequately, therefore analysis of the risk of inadequate weight gain was not possible. In addition, an American study with women of predominantly Black or African-American ethnicity by Herring et al. 17 did not find an increased odds ratio of EGWG with lower education level. Although the evidence presented in the four studies that were scored as 'good' is not conclusive, there is a positive skew in the number of studies that indicate that those who are less well educated are most at risk of gaining weight outside of the recommendations. In studies that achieved a 'good' risk of bias assessment score, social class, 18 employment, food security, 17 socioeconomic index 26 and private health insurance 12 were not found to be associated with GWG adherence.
What is already known on this topic
Until now, there was inconsistent evidence regarding the association between SES and weight gained during pregnancy, despite a large number of studies that have been published in this area. This systematic review highlights the complex nature of the influence of SES on GWG, and is supported by other literature that did not meet our inclusion criteria. A recent cross-sectional study by Huynh et al., 27 found that women with the lowest (less than high school) and highest (college or more) levels of education were least likely to gain EGWG (defined as >40 pounds), and women who resided in low SES neighbourhoods were more likely to gain over 40 pounds. Conversely, women with a high level of education were at an increased risk of gaining EGWG if they resided in a low SES neighbourhood. 27 This finding suggests that the protective effect of high maternal education level is attenuated by low SES environments. Maternal knowledge, therefore, may be offset by the negative aspects of her social environment. 27 A study by Kraschnewski et al. 11 was identified in our search strategy achieving a 'fair' risk of bias score, and highlighted that a woman's educational attainment is a more important determinant of EGWG than her financial status. Likewise, Margerison-Zilko 28 reported that higher education reduced the risk of EGWG, but exposure to extreme unexpected economic contraction during pregnancy was not associated with GWG.
There are a multitude of reasons that may explain the increased risk of non-adherence to the recommendations among women with low educational attainment. For example, women of lower SES are more likely to engage in health compromising behaviours such as smoking and alcohol consumption, lower physical activity levels and poor fruit and vegetable intakes. 8 Women with low levels of education are more likely to report weight gain targets outside the guidelines. 29 Moreover, even in a well-educated population, a recent study found that 6% of normal weight women, 62.2% of overweight women and 55.5% of obese women overestimate GWG recommendations specific to their pregnancies. 30 It has been reported that maternal expectations of GWG are related to actual GWG, 30 thus it may be prudent to target expectations of weight gain as a potentially modifiable factor in EGWG.
What this study adds
This review provides a comprehensive narrative of the evidence to date for the association between SES and GWG, and highlights the need for additional support for pregnant women who are at risk of gaining weight outside the recommendations. GWG outside of recommended guidelines negatively affects a number of maternal and offspring health outcomes. 3, 4, 12, 18 It is therefore pertinent that healthcare professionals are aware of the effect of SES on health outcomes such as GWG, and are equipped with knowledge to offer appropriate weight gain advice. The provision of targeted, individualized healthcare interventions to women with low educational attainment may reduce their risk of gaining weight outside of the GWG recommendations, thus closing the gap in health inequalities. Health equity should be a priority among those who care for pregnant populations. According to the WHO, health equity implies that no one should be disadvantaged from achieving their full health potential because of social position, and that opportunities should be created and barriers removed to facilitate health equity. 31 It is also apparent from this review that maternal education attainment may be a more important driver of GWG compared to other measures of SES. Although no associations were found between other measures of SES and GWG, this may be due to the unequal distribution of studies utilizing these methods, rather than a lack of true association. Furthermore, education may be a more appropriate measure of SES as it is generally more stable and is less modifiable by life events (e.g. poor health) than other measures such as income, occupation and neighbourhood. 32 
Strengths and limitations
To the best of our knowledge, this is the first systematic review to synthesize all available evidence on GWG, as per 2009 IOM guidelines, and SES among pregnant adult women. This review is strengthened by the strict criteria followed as per PRISMA guidelines. 9 However, this review is not without limitations. Firstly, some studies within this review utilized self-reported GWG data, which is likely to be influenced by bias. Thus, none of these studies achieved a 'good' score in the 2008 RTI-IB. 10 Secondly, only studies that classified GWG according to the 2009 IOM guidelines were included. Limitations of IOM guidelines have been expressed, however, they are the most widely used recommendations, and are comparable to GWG centiles recently published by the Intergrowth 21st Project for women of normal BMI. 33 
Directions for future research
There is a requirement for robust evidence of the relationship between GWG and SES that could be achieved through meta-analysis of individual patient data from studies across different population groups that use similar methods. In addition, future analysis of GWG must take into consideration a woman's SES, as failure to do so may result in lack of recognition of a potential confounder. Additionally, in light of the number of studies utilizing self-reported GWG measurements, we support the recent recommendations made by Gilmore et al., 34 that future studies should ensure preconception BMI and total GWG are objectively measured.
Conclusions
In summary, this review has demonstrated that low educational attainment is likely to be associated with women gaining outside the 2009 IOM recommendations for GWG. Additional support should be provided to pregnant women who are most at risk of gaining outside the recommendations, thus providing women of all socioeconomic positions equal opportunities to influence their own health and that of their offspring. There is a global need to reduce the gap in health inequalities which requires more research in the area of SES to inform public health policy and ultimately improve health for all members of society. reviewed article; FMcA had final decision on content of article.
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